A Comparative Study Teaching Chemistry Using the 5E Learning Cycle and Traditional Teaching with a Large English Language Learner Population in a Middle School Setting by McWright, Cynthia Nicole
The University of Southern Mississippi 
The Aquila Digital Community 
Dissertations 
Spring 5-2017 
A Comparative Study Teaching Chemistry Using the 5E Learning 
Cycle and Traditional Teaching with a Large English Language 
Learner Population in a Middle School Setting 
Cynthia Nicole McWright 
University of Southern Mississippi 
Follow this and additional works at: https://aquila.usm.edu/dissertations 
 Part of the Science and Mathematics Education Commons 
Recommended Citation 
McWright, Cynthia Nicole, "A Comparative Study Teaching Chemistry Using the 5E Learning Cycle and 
Traditional Teaching with a Large English Language Learner Population in a Middle School Setting" 
(2017). Dissertations. 1393. 
https://aquila.usm.edu/dissertations/1393 
This Dissertation is brought to you for free and open access by The Aquila Digital Community. It has been accepted 
for inclusion in Dissertations by an authorized administrator of The Aquila Digital Community. For more 
information, please contact Joshua.Cromwell@usm.edu. 
A COMPARATIVE STUDY TEACHING CHEMISTRY USING THE 5E LEARNING 
CYCLE AND TRADITIONAL TEACHING WITH A LARGE ENGLISH  
LANGUAGE POPULATION IN A MIDDLE-SCHOOL SETTING 
by 
Cynthia Nicole Pendleton McWright 
A Dissertation 
Submitted to the Graduate School 
and the Center for Science and Mathematics Education  
at The University of Southern Mississippi 
in Partial Fulfillment of the Requirements 
for the Degree of Doctor of Philosophy 
Approved:  
________________________________________________ 
Dr. Sherry S. Herron, Committee Chair 
Associate Professor, Science and Mathematics Education 
________________________________________________ 
Dr. Deborah Booth, Committee Member 
Instructor, Chemistry and Biochemistry 
________________________________________________ 
Dr. Douglas Masterson, Committee Member 
Associate Professor, Chemistry and Biochemistry 
________________________________________________ 
Dr. Kyna Shelley, Committee Member 
Professor, Educational Research and Administration 
________________________________________________ 
Dr. Sarah E. Morgan, Committee Member 
Professor, Polymers and High Performance Materials 
________________________________________________ 
Dr. Sherry S. Herron 
Director, Center for Science and Mathematics Education 
 
________________________________________________ 
Dr. Karen S. Coats 
Dean of the Graduate School 
May 2017 
  
COPYRIGHT BY 
Cynthia Nicole Pendleton McWright 
 2017 
 
 
 
Published by the Graduate School  
 
 ii 
ABSTRACT 
A COMPARATIVE STUDY TEACHING CHEMISTRY USING THE 5E LEARNING 
CYCLE AND TRADITIONAL TEACHING WITH A LARGE ENGLISH LANGUAGE 
POPULATION IN A MIDDLE-SCHOOL SETTING 
by Cynthia Nicole Pendleton McWright 
May 2017 
For decades science educators and educational institutions have been concerned 
with the status of science content being taught in K-12 schools and the delivery of the 
content.  Thus, educational reformers in the United States continue to strive to solve the 
problem on how to best teach science for optimal success in learning.  The constructivist 
movement has been at the forefront of this effort.  With mandatory testing nationwide 
and an increase in science, technology, engineering, and mathematics (STEM) jobs with 
little workforce to fulfill these needs, the question of what to teach and how to teach 
science remains a concern among educators and all stakeholders.  The purpose of this 
research was to determine if students’ chemistry knowledge and interest can be increased 
by using the 5E learning cycle in a middle school with a high population of English 
language learners.  The participants were eighth-grade middle school students in a large 
metropolitan area.  Students participated in a month-long chemistry unit.  The study was 
a quantitative, quasi-experimental design with a control group using a traditional lecture-
style teaching strategy and an experimental group using the 5E learning cycle.  Students 
completed a pre-and post-student attitude in science surveys, a pretest/posttest for each 
mini-unit taught and completed daily exit tickets using the Expert Science Teaching 
 iii 
Educational Evaluation Model (ESTEEM) instrument to measure daily student outcomes 
in main idea, student inquiry, and relevancy.  
Analysis of the data showed that there was no statistical difference between the 
two groups overall, and all students experienced a gain in content knowledge overall.  All 
students demonstrated a statistically significant difference in their interest in science 
class, activities in science class, and outside of school.  Data also showed that scores in 
writing the main idea and writing inquiry questions about the content increased over time. 
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CHAPTER I – INTRODUCTION 
The creation of the Next Generation Science Standards (NGSS) and 
implementation of Common Core education have been in the spotlight as ways to 
improve K-12 education.  Many goals set forth in these initiatives do not necessarily 
explain what to teach but, more importantly, how to teach.  The purpose of NGSS is to 
better prepare students for the workforce and college by developing critical-thinking 
skills and scientific literacy and building interest in science, technology, engineering, and 
mathematics—also known as STEM. 
Common Core standards, while not specifically designed for science, emphasize 
the importance of reading and writing in all subject areas including science.  How to 
teach science and what to teach have been a discussion and research topic as far back as 
Comenius.  
According to Woellert (2012), the United States Department of Labor estimated 
between 2 and 3 million jobs are not filled because of deficient skills in the STEM area.  
Most individuals with a bachelor’s degree in STEM have higher incomes than individuals 
with a Doctor of Philosophy (Ph.D.) degree and/or a master’s degree in non-STEM fields.  
Despite the fact that millions of Americans are unemployed, it is estimated that 600,000 
jobs in manufacturing cannot be filled due to the lack of STEM-related skills (Engler, 
2012).  As the demand for STEM jobs is increasing, the number of students entering 
STEM fields, especially nonwhites and gifted students, is not increasing.  Not only is the 
number of students entering STEM fields majoring in STEM fields in college low, the 
number of students taking science classes, such as physics and chemistry, is extremely 
low for many states.  Many skills required for STEM jobs and other low-income jobs can 
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be developed in inquiry science classrooms such as chemistry (Bybee, 2013), which tends 
to be a difficult subject for students to learn because it is abstract in nature.  Current 
research in science education focuses on scientific inquiry, such as the 5E learning cycle. 
Problem Statement 
Since passage of the No Child Left Behind (NCLB) legislation in 2001, there has 
been a continuous effort to restructure how students are taught, particularly in the 
sciences.  Since the 1957 launch of Sputnik, a Russian satellite (Cavanagh, 2007), the 
United States (U.S.) has been eager to remain viable in producing scientists.  To meet this 
goal, the federal government encouraged the development of new science curricula; to 
meet this challenge such curricula as Chemical Education Materials Study (Chem Study) 
and the Biological Sciences Curriculum Study (BSCS) were developed.  One 
commonality each of these programs focused on was the learning process and how 
students learn.  The learning cycle has shown to be effective in teaching over the course 
of decades (Bybee et al., 2006).  In the 1980s, the 5E learning cycle was developed by 
modifying the Science Curriculum Improvement Study (SCIS) learning cycle (Bybee et 
al., 2006). 
It should be noted, however, that the 5E learning cycle teaching model is more 
commonly found in materials produced by the BSCS.  Although the model has been 
deemed successful, it has not been as widely researched as the previous learning cycles 
(Bybee et al., 2006).  According to the National Research Council’s (2006) report, 
America’s Lab Report, the 5E learning model (a) has been shown to increase mastery of 
subject matter, (b) is linked to increasing attitudes and interest towards science, and (c) 
helps in increasing scientific reasoning.  However, there is limited and inadequate 
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evidence using the 5E learning cycle regarding understanding the nature of science and 
developing students’ skills in science or teamwork.  Furthermore, literature is lacking in 
research conducted with high school chemistry students, the achievement gap, and the 
use of the 5E learning cycle in low-performing schools. 
Purpose Statement and Research Questions 
The purpose of this research was to determine if middle-school students’ 
chemistry knowledge and interest can be increased by using the 5E learning cycle.  This 
research will explore the following:  
1. Compare the change in pre- and post-physical and chemical changes 
knowledge scores of students learning with the 5E learning cycle and students 
learning with the lecture teaching strategy. 
2. Compare the change in pre- and post-phase changes knowledge scores of 
students learning with the 5E learning cycle and students learning with the 
lecture teaching strategy. 
3. Compare the change in pre- and post-elements, compounds, and mixtures 
knowledge scores of students learning with the 5E learning cycle and students 
learning with the lecture-teaching strategy. 
4. Determine if there is a difference in students’ attitudes about science when 
using the 5E learning cycle compared to the lecture teaching strategy. 
5. Compare the change in whether the students captured the main idea as it was 
presented during the lesson with the 5E learning cycle and students learning 
with the lecture teaching strategy. 
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6. Compare the change in the relationship of the students’ question(s) to the 
lesson with the 5E learning cycle and students learning with the lecture 
teaching strategy. 
7.  Compare the change in whether the students could make the class material 
relevant to their respective lives about the main idea with the 5E learning 
cycle and students learning with the lecture teaching strategy. 
Theoretical Framework 
According to De Houwer, Barnes-Holmes, and Moors (2013), learning is defined 
as “changes in behavior that result from experience or mechanistically as changes in the 
organism that result from experience” (p. 631).  Learning theories are divided into three 
main parts: cognitive constructivist, behaviorist, and social constructivist.  This study is 
grounded in the constructivist learning theory as well as Krashen’s theory of second-
language acquisition. 
 Constructivism is a model of learning which focuses on students constructing 
knowledge based on prior knowledge and /or experiences.  In a constructivist setting, 
learning is student-centered.  The teacher acts as a facilitator for the learning process.  A 
few early constructivist theorists are Jean Piaget, Jerome Bruner, John Dewey, and Lev 
Vygotsky.  The theorists focused on for this research were Jean Piaget, Lev Vygotsky, 
and John D. Bransford.  The common thread among these theorists is how students learn.  
Justification 
If this study shows that by embedding the 5E learning cycle in chemistry topics 
will increase students’ knowledge of chemistry and improve their attitudes toward 
chemistry, this study might be used to provide guidance to high school and middle-school 
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chemistry teachers regarding a more effective way to teach chemistry topics.  Students 
might develop an increased interest in chemistry.  The STEM fields could benefit from an 
increase of minority students in chemistry-related fields.  Schools may benefit with an 
increase in test scores in content areas.  The information may also be helpful to school 
districts by guiding district personnel on the development of professional development 
workshops to focus on how to teach chemistry in high school and middle school science. 
Furthermore, chemistry professors at the college level might see a benefit by an increase 
in student retention in college introductory chemistry classes.  Professors would not have 
to use the methods but benefit because students who have gained a stronger foundation in 
high school chemistry tend to perform better and stay the course in college chemistry. 
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CHAPTER II – REVIEW OF THE LITERATURE 
This chapter is divided into three main sections.  The first section will give an 
overview of educational reform influencing science education to include NCLB, NGSS, 
Common Core State Standards (CCSS), National Science Education Standards (NSES), 
and Race to the Top (RTTT).  The second section will include a brief overview of the 
development of the learning cycle and highlight the 5E learning model.  The third section 
will focus on constructivist learning—the theoretical framework used for this research 
project.  This section will also provide an overview of prior research using constructivist 
learning as a theoretical framework model as well as a brief overview on how students 
learn science.  
 Since the launching of Sputnik by the Russians in 1957 (Cavanagh, 2007), science 
education has gone through a myriad of educational and curriculum reform.  The 
launching of Sputnik caused great concern from scientists and politicians to change 
science and mathematics education.  The launching of Sputnik even today sparks interest 
in educational reform because of the fear that we as a country are not preparing students 
for a technical workforce and students are just memorizing facts and not learning to apply 
science to real-life applications (Bybee & DeBoer, 1994).  Similar to today, the federal 
government through the National Science Foundation (NSF) felt compelled to act upon 
this lack of preparedness by initiating curriculum reform.  Sputnik-era science curriculum 
reform was primarily focused on the secondary level; whereas, beginning in the 1990s up 
until recently, the focus has been on all levels K-12 (Bybee, 1995).  Science curriculum 
reform between the 1960s and 1990s was more of a trickle-down effect.  Since the late 
1800s until recently, how science should be taught in secondary schools has been of great 
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concern.  Should it be taught as a noun only to include raw facts and memorization or 
taught as a verb where students are active participants in the learning process? 
Theoretical Framework 
Constructivism is a theory based on how people learn.  Constructivism is defined 
as a learning theory based on students constructing their own learning from prior 
knowledge and past experiences.  It should be an active process (Brandon & All, 2010).  
According to Colburn (2000), the word constructivism can have two meanings.  Theory is 
not only explaining how people learn, but it can also be viewed as a variety of teaching 
strategies. 
 There are two types of constructivist learning—cognitive and social 
constructivism.  In order to have an effective constructivist classroom, teachers should 
have an understanding of both cognitive and social constructivism (Powell & Kalina, 
2009).  Although both are different, the end result is the same.  Students will construct 
meaning from personal knowledge. 
 Jean Piaget is considered the father of cognitive constructivism.  The premise of 
cognitive constructivism is that students learn from constructing their own knowledge. 
Piaget believed that there are four stages of development: sensorimotor, preoperational, 
concrete operational, and formal operation.  Piaget believed that a child’s learning is 
based on assimilation and accommodation as a child progresses through the four stages 
(Powell & Kalina, 2009). 
 Piaget’s four stages are dependent upon the age of a child.  The sensorimotor 
stage is from birth to the age of 2 years.  During this period a child discovers their 
surroundings through their senses.  From the age of 2 years to 7 years even a child is in 
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the preoperational stage.  During this period, children are developing language skills but 
cannot synthesize others’ thoughts.  Concrete operational is the stage between 7 years and 
11 years.  During this time children begin to develop logical reasoning.  The final phase 
of development is the formal operational stage between 11 years and adulthood.  This is a 
period of time in which an individual can think critically and abstractly (Powell & 
Kalina, 2009).  Piaget’s developmental stages have been criticized because they were 
developed from his children.  Still, his theory is acknowledged true to this day and is 
highly respected among numerous theorists. 
 Social constructivism is the second type of constructivist learning.  It followed 
cognitive constructivism.  Lev Vygotsky is the pioneer of social constructivism.  This 
theory is based on students interacting and collaborating with each other.  A classroom 
that models Vygotsky’s theories is high in social interactions which allow students to 
develop language skills as well as content knowledge.  The zone of proximal 
development (ZPD), a main theory of Vygotsky, controls how a child learns.  This is the 
easiest time for a child to learn because the child is learning with assistance from a peer 
or adult (Powell & Kalina, 2009).  During the ZPD phase, a student has undeveloped 
knowledge.  This is a zone where students do not know the material but can learn the 
material with guidance from an individual who knows more about the content.  As 
students are guided through this phase, their undeveloped knowledge decreases, and their 
developed knowledge or skills increases (Rolloff, 2010). In order for students to be 
successful during the ZPD time period, teachers should uncover the skills students do not 
know or understand in order for them to ascertain new content information.  To 
demonstrate this in a classroom setting, a teacher would use scaffolding and cooperative 
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learning.  Since socializing among students is important for learning to take place, it is 
also critical for the teacher to embrace the diversity of his or her class and the many 
different backgrounds of the various students in order to foster the social aspect of 
learning the content.   
 Although these theories are different, both agree that the classroom should not be 
teacher-centered but rather student-centered.  The teacher should be a facilitator of 
learning and guide students to discover new knowledge for them based on their prior 
knowledge and experiences.  
 According to Colburn (2000), a teacher should make the classroom a 
constructivist classroom by providing students with lab activities before giving all of the 
information needed for a particular content area and have pre-lab discussions before 
implementing a lecture on the topic.  Next, teachers should have students develop their 
own data tables for lab activities.  Tests or assessments should include more application 
type questions.  Lastly, teachers should use questioning techniques that require students 
to think critically and explain their reasoning. 
 John D. Bransford is another notable cognitive constructivist theorist.  
Bransford’s primary focal point is that learning takes place based on a student’s prior 
knowledge.  Teachers must engage students in their misconceptions in order for them to 
dispel them and understand concepts correctly.  If not, students just memorize 
information for a test and revert back to their preconceived notions that are incorrect.  
Based on this strong belief, Bransford established the concept of anchored instruction.  
Anchored instruction is the technique of framing a learning activity or lesson around a 
particular problem, story, or some type of adventure.  This is often done by using some 
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type of video presentation (Bransford, Brown, & Cocking, 2000).  Another very 
important contribution to learning was development of the how people learn framework, 
which is composed of four lenses vital to a classroom.  The four lenses are knowledge-
centered, learner-centered, assessment centered, and community environment (Bransford 
et al., 2000).  
 In a classroom driven by the constructivist learning theory, the teacher behaves as 
a facilitator of learning.  The teacher provides structure and guidance for learning.  If 
students are distressed about not knowing the correct answer to a question, the teacher 
does not immediately rescue them with the answer.  The teacher will provide guiding 
questions to help probe students to an answer.  The teacher provides some type of 
learning experience to build students’ prior knowledge or activate previous knowledge. 
This process is valuable in order for students to attain optimal levels for learning new 
information and making essential connections to learning new content or dispelling 
misconceptions.  The teacher is not just a deliverer of notes, and the students are not just 
passive listeners to lectures and completing worksheets.  Students are actively engaged in 
the learning process.  Students are not just memorizing random facts about content that 
may or may not connect with the essential question(s) for the unit.  Students make 
essential connections to further their learning and understanding of the content.  
There is opposition to the constructivist learning model when it comes to pure 
discovery learning.  Mayer (2004) conducted a meta-analysis of the literature from the 
1960s to the 1980s to determine which is better: guided inquiry or pure discovery 
learning.  Both models are considered forms of constructivist learning.  Based on 
Mayer’s findings, educational leaders are extremely supportive of discovery learning 
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because constructivist theorists, such as Piaget and Bruner, say that students need to 
construct their own learning based on prior knowledge and experience.  According to 
Mayer (2004), there is no empirical evidence to support such claims that students learn 
best through classrooms taught with a pure discovery learning approach or philosophy.  
Mayer’s (2004) research concluded that based on analyses of all studies 
comparing the two learning modes, students learn best in a classroom taught using guided 
inquiry.  Findings suggest that pure discovery learning leaves too much for interpretation 
by students during the learning process that the intended learning outcomes are not meant 
and sometimes completely misunderstood or missed altogether.   
An example in which programming concepts were studied, students who were 
taught using guided inquiry outperformed their counterparts taught with a pure discovery 
approach.  The students who learned programming using the guided inquiry method were 
given worksheets that guided them through various tasks in computing.  These students 
performed better with debugging and problem solving with the programs that generated 
better computer programs.  They were also better able to apply their new knowledge.  
Students were also provided feedback from instruction and were given clues to the 
correct answers as well as being told whether or not their answers were correct or 
incorrect.  These procedures are more likely to be seen in a teacher-centered classroom 
which is atypical of a constructivist classroom.  This is not indicative of a pure discovery 
classroom.  Mayer (2004) strongly suggested that teachers reevaluate how the 
constructivist learning theory is viewed and not dismiss the theory completely.  Overall, 
Mayer (2004) suggested students learn best with assistance from a teacher and that 
guidance is necessary for the intended learning to take place.  It is also believed that 
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constructivism is limited in some chemistry topics, such as electromagnetic radiation and 
atomic structure, due to students’ lack of prior knowledge and experiences with these 
abstract topics (Khan, 2013).  In Chall’s (2000) review of empirical research, a student-
centered classroom is not productive for students of low socioeconomic backgrounds.  
Chall’s review of the literature revealed that students performed higher academically 
when led by a teacher and when group learning was involved.   
Matthews (2003) is perplexed by the idea that reliable research has been 
conducted and concluded that a teacher-centered classroom is more conducive to 
learning; yet, educational institutions have all but ignored the data.  Moreover, American 
students continue to lag behind in mathematics and science when compared to other 
industrialized countries.  
History of the 5E Instructional Model 
 The current 5E instructional model is grounded in the work and ideas from 
Johann Friedrich Herbart, John Dewey, J. Myron Atkin, and Robert Karplus (Bybee et 
al., 2006).  Herbart’s work dates back to the beginning of the 20th century.  There are two 
main components to Herbart’s philosophy of teaching: interest and conceptual 
understanding.  Herbart’s philosophy was one of the first approaches to teaching that 
resembles a learning cycle.  During his instructional cycle, students would first discover 
and make connections to prior experiences.  Secondly, the teacher would guide them 
through experiences to further make connections.  Next, the teacher would conduct a 
lesson in a style similar to a lecture to explain the information to the students.  Lastly, the 
students would have to take what they had learned and apply their new knowledge to a 
new experience.  More importantly, Herbart suggested that if a child could discover his or 
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her learning, then the student would have more understanding and knowledge of the 
subject matter at hand. 
 John Dewey was from the school of thought that learning should not only be 
hands-on but also minds-on.  Students would experience science through a process 
similar to the scientific method.  After students define a problem to solve, they would 
make an hypothesis, make observations, evaluate the observations for feasibility, and 
finally, run a test.  Students would follow this process and reflect on their experience.  
 The final learning cycle to preclude the 5E instructional model was the SCIS 
developed by Robert Karplus and J. Myron Atkins during the late 1950s through the early 
1960s.  This time period was a heightened time for educational reform, especially in 
science (Bybee et al., 2006).  Karplus was a theoretical physicist, but he applied Jean 
Piaget’s philosophy of learning to science instruction.  Atkins shared Karplus’ ideas of 
teaching but applied his ideas about instructing science to elementary age students.  The 
two collaborated and developed the Atkin-Karplus Learning Cycle.  The learning cycle 
was composed of three phases: exploration, invention, and discovery.  Unlike today’s 5E 
model, the exploration stage was an unstructured learning experience.  
 The 5E instructional model was developed by the BSCS in the 1980s.  The model 
has five components to learning in the following order: engagement, exploration, 
explanation, elaboration, and evaluation.  These stages are defined as follows:  
1. During the engagement stage, the teacher activates students’ prior knowledge. 
2. During the explore stage, students are involved in activities to explore the 
topic 
3. Explain is the opportunity for the teacher to introduce the content to students. 
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4. During the elaboration phase, students make connections between prior 
knowledge and new experiences. 
5. Finally, during the evaluation phase, teachers evaluate students to see if they 
have achieved the instructional objectives.  
 According to Duran, Duran, Haney, and Scheurmann (2011), this instructional 
model is helpful in student learning although they suggested the inclusion of more 
students who understand the process and are able to benefit more deeply from the earlier 
phases of the model.  According to Eisenkraft (2003), our knowledge on how people 
learn has changed.  He suggested, based on specific suggestions presented by Duran et al. 
(2011), this should be reflected in lesson plans and curriculum.  Eisenkraft suggested an 
expansion of the 5E model to a 7E model.  The new model would include the following 
steps: elicit, engage, explore, explain, elaborate, evaluate, and extend (Eisenkraft, 2003).  
 Several studies have proposed that the 5E learning model is the best method of 
instruction for increasing scientific understanding as opposed to a more traditional style 
of teaching.  Wilson, Taylor, Kowalski, and Carlson (2010) supported the 5E learning 
cycle as more effective than commonplace teaching methods and concluded that inquiry-
based learning was most effective across many individual variables including race, 
gender, and socioeconomic status.  
 The 5E learning cycle has also been recommended to help alleviate student 
misconceptions.  Tuna’s (2013) work confirmed that this may be the case and concluded 
that other studies should be conducted to determine if the 5E model will have an effect on 
critical-thinking skills and the ability for students to be more creative.  Secondly, Tuna 
(2013) suggested that the learning strategy should be used in all math textbooks.  This is 
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an important statement due to NGSS’s focus on building student critical-thinking skills 
and inquiry problem-solving skills. 
Two other constructivist learning strategies that have been deemed effective in 
student learning are cooperative groups and problem-based learning.  The problem-based 
learning study conducted by Wong and Day (2009) follows a constructivist learning 
theory based on John Dewey and Gagne.  In a study conducted by Apedoe, Ellefson, and 
Schunn (2012) where project-based learning was studied, a major concern about group 
size was raised.  The study also raised the concern as to how the abilities of the students 
and whether or not the students have prior knowledge of content play a factor and not 
necessarily group size.  According to Wong and Day (2009), students saw the relevance 
and were able to construct their own learning as the teacher behaved as a facilitator of 
learning.  Wong and Day (2009) concluded that problem-based learning is just as 
effective as lecture-based learning at the knowledge level of Bloom’s taxonomy.  
 Beskeni, Yousuf, Awang, and Ranjha (2011) stated that prior knowledge of 
students has an incredible amount of impact or potential on content taught and learned in 
chemistry.  It is suggested that the amount of prior knowledge students bring with them 
could affect their chemistry understanding.  It is recommended that teachers should adopt 
a constructivist learning style to help access and develop students’ prior knowledge in 
chemistry.  However, in a study by Chen, Wong, and Wang (2014) with eighth graders 
learning chemical formulas, background knowledge was a factor.  Students in groups 
with higher background knowledge showed more motivation than their counterpart in the 
group with lower background knowledge of chemistry.  This finding is important because 
students in science sometimes have low attitudes in learning the content. 
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In determining which teaching method is most effective, Patrick (2013) compared 
lecturing, concept mapping, cooperative learning, or the 5E learning cycle using high 
school biology classes.  Although each of these strategies had been studied individually, 
they had not been studied to address a particular subject area.  According to Patrick 
(2013), all teaching strategies had an effect on student achievement but at varying 
degrees.  An instructional method with more student interaction leads to higher student 
achievement.  Students taught using the 5E learning cycle and cooperative learning 
demonstrated more achievement and retention over the long-term.  However, Patrick 
found no significant difference between students taught with the 5E learning cycle and 
cooperative learning.  More importantly, Patrick (2013) does stress the need for training 
of students and teachers before using either instructional strategy. 
 English language learners’ (ELLs) teaching strategies follow the constructivist 
construct.  They have been used effectively to teach students whose second language is 
English (Beltran, Sarmiento, & Mora-Flores, 2013).  Just like the 5E learning cycle, ELL 
strategies promote student engagement in the classroom.  However, the teacher is more 
involved in developing students learning by using techniques such as modeling.  With 
ELL strategies, when applied to English as a second language, the student must be 
explicit and incorporated into the learning objectives daily.  For example, students should 
speak, read, write, and listen daily.  The primary goal for using ELL strategies is for 
students to acquire academic language, which is also true for all chemistry students.  
Another commonality between the 5E learning cycle and ELL strategies is activating 
students’ prior knowledge.   
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   The question becomes if research consistently shows the constructivist approach 
effective in student learning, why it is not used more frequently? Wong and Day’s (2009) 
study was prompted by the disbelief of some teachers, administrators, and parents alike 
of a different teaching methodology other than lecture-based.  The primary reason is due 
to the abundance of high-stakes testing and entrance exams to colleges and universities. 
The study made the link between the instructional method and the long-term gains of 
knowledge retained by students. 
   Boddy, Watson, and Aubusson (2003) made the point that constructivist methods 
are not implemented because they are seen as difficult to use by classroom teachers 
although research suggests constructivist methods are effective in student learning. 
Teachers also reported that the method is time-consuming in an already full curriculum. 
Boddy et al. (2003) also concluded that using the 5E learning cycle enabled teachers to 
motivate students to learn and helped to develop higher level thinking for the students.  
The students thought the technique created interesting and fun lessons.  It was determined 
from interviews that some students could remember information from the lesson, but they 
could not use any of the terminology even after being prompted to do so.  On the 
contrary, some students were able to remember content facts and use the vocabulary 
taught as well as understand the concept work.  
Cam and Geban (2011) raised the point of teacher effectiveness.  It was 
recommended that teachers should be trained before implementing new instructional 
strategies.  Lack of training through professional development could be a reason why 
teachers are not willing to implement new teaching techniques.  Akerson et al. (2009) 
concluded that professional development did influence teachers’ views on nature of 
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science, scientific inquiry, and the learning cycle.  It was recommended that teachers 
have a constant support system in place for learning new teaching strategies.  
 Consistently, the 5E learning model and constructivist learning methods have 
been shown to be effective in student learning and developing critical thinking skills.  
The model has been used extensively in various science curricula and other areas. 
However, student achievement in science remains low, student attitudes are not positive 
when it comes to the physical sciences, and very few students enter the physical sciences 
as a career.   
Educational Reforms 
The Elementary and Secondary Education Act, or otherwise known as Title I, was 
written by President Lyndon B. Johnson’s administration in 1965.  This law created a 
federal footprint in K-12 public education.  The main objective of the law was to ensure 
that school districts could help disadvantaged children with equity in public schools 
monetarily.  The law was primarily written as a civil rights law for education in order to 
make sure students from minority backgrounds and poverty were given a quality and 
equal education.  The legislation has only been reauthorized less than six times since its 
inception.  
 In 2002, the No Child Left Behind Act was signed into law by President George 
W. Bush.  NCLB was an educational policy created by the President’s administration and 
supported by both political parties in order to obtain 100% proficiency by all school-age 
children in reading and mathematics by the school year 2013-2014.  Under this policy 
states were mandated to test students in Grades 3, 5, and 8 and at least once in high 
school.  Once schools were deemed as failing, the state would have the option of closing 
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the school, allowing students to choose a high-performing school, or allowing the state to 
take on the day-to-day-operations until the school obtained a satisfactory level of 
performance determined by the state department of education.  The education bill for the 
first time held schools and school districts accountable for sub-populations, such as 
students with individualized educational plans and students from various minority 
groups, such as black, Hispanic, and Native American.  Data also had to be segregated by 
gender and socioeconomic background (free and reduced lunch) as determined by federal 
guidelines.  Also, for the first time, school districts were required to send home a school 
report card each year detailing or grading the school on these NCLB categories.  In order 
to ensure all students could achieve the goals, at least 95% of teachers in a school were 
supposed to be highly qualified.  Because data were synthesized based on NCLB 
standards, schools were rated as passing or failing or even approaching. 
 NCLB was not without flaws.  The legislation led to more control by the federal 
government.  Students rarely, if ever, moved from a failing school to a more successful 
school.  For some reason, low-performing students did not take advantage of free tutoring 
programs offered to assist with their deficiencies.  The law was never fully funded.  
Lastly, many critics thought reading and mathematics were emphasized too much; 
therefore, schools ignored non-testing subjects.  
 In 2009, President Obama signed an economic stimulus bill—the American 
Recovery and Reinvestment Act.  Included in the bill was a section to invest in K-12 
education called Race to the Top (RTTT).  These monies were delegated or allotted based 
on an application grant process from states and school districts from across the nation.  
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The purpose was to reward states and districts for being innovative trailblazers in 
educational reform.  The bill had four main components: 
1. Adopting standards and assessments that prepare students to succeed in 
college and the workplace and to compete in the global economy 
2. Building data systems that measure student growth and success and that 
inform teachers and principals about how they can improve instruction 
3. Recruiting, developing, rewarding, and retaining effective teachers and 
principals, especially where they are needed most;  
4. Turning around the lowest-achieving schools.  
 RTTT was not intended to replace or abolish NCLB (Tenam-Zemach & Flynn, 
2011).  High-stakes testing would still be in play; however, students would be assessed 
on content learned for the entire year instead of testing to determine if students met 
certain benchmarks.  The assessment would also determine if students are college and 
career ready, which were not components of NCLB.  
 After 3 years of implementing programs supported by the RTTT, legislation states 
have encountered problems.  According to Weiss-Weiss (2013), states made promises 
that were not realistic  The policy focused too much on developing teacher evaluations 
but did not provide a clear link on how to use the data collected to improve teacher 
instruction to enhance student achievement.  Finally, districts discovered that they did not 
have enough time to implement their ideas and, therefore, would be lacking resources as 
time was soon to expire with the grant.  
 The National Research Council has played a significant role in shaping education 
in the U.S. (National Research Council, 2006).  The National Research Council is a 
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nonprofit private sector founded in 1916 to assist the National Academies of Science, 
Engineering and Medicine with research to shape policies among the various science and 
engineering fields as well as inform the public.  This organization played a major role in 
the development of the National Science Education Standards and A Framework for K-12 
Science Education: Practices, Crosscutting Concepts, and Core Ideas.  This section will 
introduce five major reforms in education. 
 The National Science Education Standards were established in 1996 after 4 years 
of work and $7 million in expenses (Yager, 2000).  The standards consisted of four goals 
for students to obtain: 
1. Experience the richness and excitement of knowing about and understanding 
the natural world; 
2. Use appropriate scientific process and principles in making personal 
decisions; 
3. Engage intelligently in public discourse and debate about matters of scientific 
and technological concern; and  
4. Increase their economic productivity through the use of knowledge, 
understanding, and skills or the scientifically literate person in their careers. 
(Yager, 2000, p. 52)  
 As a result of these standards, classroom teachers were expected to change their 
teaching methods and/or styles.  According to Yager (2000), teachers were more 
accepting of changing their teaching methods than the organization of learning called for 
in the science standards.  Scientific inquiry in all science classrooms was a major tenant 
as a result of these standards.  In light of these new standards, science was to be taught 
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based on real-life experiences students could relate to unlike the previous science reforms 
from the 1960s.  Another aspect of these standards was to incorporate technology into the 
science classroom.  Technology had been eliminated from the science curricula the 
previous 40 years (Yager, 2000).  The standards were written based on research 
completed by the National Research Council’s book, How People Learn: Bridging 
Research and Practice (1999).  The mission was to introduce classroom instruction to 
produce students who would be proficient at problem-solving and critical thinking and 
able to make scientific explanations.  According to this book, if science educators taught 
based on its principles, all students should become “scientifically literate” (Yager, 2000, 
p. 54).  
 In 2013, the National Science Education Standards were replaced with the Next 
Generation Science Standards (NGSS) which were developed from National Research 
Council’s (2012) A Framework for K-12 Science Education: Practices, Crosscutting 
Concepts, and Core Ideas and finalized in 2011.  The goal of the new science framework 
was started for Grades K-12 to improve science education instruction by limiting the 
number of core disciplinary ideas taught.  Students would build this knowledge over 
subsequent years.  Based on the committee recommendations, science was divided into 
three major areas: science and engineering practices, crosscutting concepts, and the four 
main disciplinary core ideas (i.e., physical science, life science, earth and space science, 
and technology and engineering).  Once again, the National Research Council produced a 
framework that included making science instruction relevant to students’ lives as an 
overarching theme.  Another major goal of the framework was to ensure that by the end 
of a student’s senior year in high school he or she would have an appreciation for science 
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content as well as be able to experience science like a scientist.  Unlike the previous 
science framework, technology and engineering concepts were highly emphasized.  Due 
to this lack of skills, schools in the U.S. were failing to meet these goals in science 
education (National Research Council, 2012). 
 According to the new K-12 Science Framework, science content from Grades K-
12 covers too much information in too much detail (National Research Council, 2012).  
Students were learning too many facts instead of experiencing science in a practical way.  
The current science framework addresses these concerns by implementing science in 
Grades K-12 and consists of three dimensions.  All three dimensions of the new 
framework are expected to be implemented into every step of the learning cycle from 
writing new state and/or district standards to classroom instruction and incorporated into 
the final assessment.  The three dimensions are as follows:  
1. Scientific and engineering practices, 
2. Crosscutting concepts that unify the study of science and engineering through 
their common application across fields, and 
3. Core ideas in four disciplinary areas: physical sciences; life sciences; earth 
and space sciences; and engineering, technology, and applications of science. 
(National Research Council, 2012, p. 2) 
 The NGSS are seen as necessary because students in the U.S. are lagging in 
science performance when compared globally with other industrialized countries. 
According to the National Research Council (2012), the U.S. was ranked 17th in the 
world in science and 25th in mathematics based on the Programme for International 
Student Assessment given in 2009.  Over one-third of American eighth-graders 
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performed below the basic level on the National Assessment of Educational Progress 
science assessment given in 2009.  It is the belief of the National Research Council 
(2012) that states working together to implement the NGSS will help eliminate poor 
performance in science and lead to students being college and career ready. 
Another educational initiative developed to help prepare students for college and 
the workforce was the CCSS.  The CCSS came about in 2010.  The standards 
development was led by 48 state governors and the heads of their respective educational 
departments.  They were joined by teacher experts from both content fields of English 
and mathematics.  According to Shanahan (2015), 42% of students graduating from high 
school in 2012 were required to enroll in remedial reading, writing, mathematics, or all 
three.  The purpose was to have clear and consistent standards for all students regardless 
of the state they resided.  Once again, stakeholders were concerned about students 
graduating from schools in the U.S. being competitive for jobs here and in other 
countries.  These standards were written for English Language Arts and mathematics.  
The standards were written for these two core areas because they are the only core classes 
that are vital to learning in the other subject areas, such as science and social studies.  The 
standards are written for Grades K-12.  These standards have been willingly accepted by 
43 states as of 2016.  The District of Columbia adopted the standards as well.  The 
standards were not written to be a curriculum for all teachers to follow.  According to the 
CCSS, teachers and other school officials will determine instructional strategies for the 
classroom based on students’ needs.  
 As a result of these standards being developed, a new assessment was also 
developed.  The Partnership for Assessment of Readiness for College and Careers is 
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given to all students in Grades 3-11 in English, Language Arts, and mathematics to assess 
their progress toward high school readiness and college and career readiness.  Although 
science is not tested, students are expected to be able to apply English Language Arts 
skills in science content.  The standards are divided into three levels: Grade 6-9, Grade 9-
10, and Grade 11-12.  Some examples of expectations included citing and using evidence 
from text and analyzing data from science experiments.   Although the federal 
government did not participate in the development of the CCSS, it has invested resources 
to encourage states to adopt the standards (Porter, McMaken, Hwang, & Yang, 2011). 
English Language Learners 
 Currently, schools and school districts across the U.S. are experiencing an 
increase in the number of English Language Learners (ELL) students in all grade levels 
(Wagner & King, 2012).  These students are linguistically and culturally diverse.  This 
population growth is not isolated to large metropolitan areas.  Rural and suburban areas 
are also experiencing this growth at unprecedented levels (Hamayan & Freeman, 2012).  
Hamayan and Freeman (2012) suggested that U.S. schools are at a tipping point with 
educating ELL students for the following reasons.  
1. The U.S. ELL population has increased by 51% in the past 10 years compared 
to only 7.5% of the general population of schools. 
2. Over half of the states’ ELL population has increased more than 100%. 
3. ELL students are not taught in isolation but are in the regular classes where 
teachers lack training to teach ELL students. 
4. Federal legislation, such as NCLB, required all schools to test all populations 
of students and hold the schools accountable for their success. 
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5. States’ accountability systems are showing that ELL students are scoring 
below proficiency levels on state-mandated tests. 
6. Budget cuts make meeting the needs of ELL challenging. 
7. Lastly, there tends to be confusion at all governmental levels as to what 
effective instruction looks like for ELL students.  
ELL students across the country speak more than 400 different languages (Beltran 
et al, 2013).  According to Beltran et al. (2013) in 2005 ELLs in the U.S. were “70 
Hispanic, 13% Asian/Pacific Islander, 12% non-Hispanic white, and 4% non-Hispanic 
black” (p. 19).  In addition, over one-third of ELL students live in poverty (Beltran et al., 
2013). 
Stephen Krashen’s theory on educating ELL students is considered to be the most 
prominent one to date.  Krashen’s theory—developed in the 1980s—focuses primarily on 
the acquisition of a second language.  Krashen’s (1981) theory for acquiring a second 
language has five hypotheses: 
1. “The Acquisition-Learning hypothesis states how the learner picks up the 
language” (p. 51). 
2. “The Monitor hypothesis states that students acquire (not learn) grammatical 
structures in a predictable order” (p. 56). 
3. “The Natural Order hypothesis states the relationship between acquisition and 
learning” (p. 57). 
4. “The Input hypothesis states we acquire (not learn) language by understanding 
input that contains structures that are just beyond our current level of 
competence (1 + 1)” (p. 61). 
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5. “The Affective Filter hypothesis deals with role of affect that is the effect of 
personality, motivation, and other affective variables” (p. 61). 
Hamayan and Freeman (2012) stated that in order for ELL students to catch up 
they must improve by gaining 15 months of knowledge within a typical school year to 
catch up.  The average non-ELL student gains about 10 months during the same 
timeframe.  Hence, the biggest challenge is that ELL students are chasing a moving target 
which makes catching up and becoming proficient at grade level a challenge.  There is no 
one size fits all instructional program to educating ELL students.  Hamayan and Freeman 
(2012) suggested educators should focus on other strategies and not just academics. 
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CHAPTER III  - METHODOLOGY 
This chapter describes the research method design used for this study on the 5E 
learning cycle and lecture teaching strategies.  Research and hypotheses will be outlined. 
Chapter III includes the research questions, participants, research design, instruments, 
procedure, and analysis.  The independent and dependent variables will be explained as 
well as statistical analysis used for the study.  The purpose of this study was to determine 
if middle-school students’ knowledge and attitudes in science can be improved by using 
the 5E learning cycle as compared to the lecture teaching strategy. 
Research Questions 
The study investigated the teaching of three chemistry mini-units using the 5E 
learning cycle and compared it to teaching chemistry using the lecturing teaching 
strategy.  After reviewing the literature, the following action items were proposed: 
1. Compare the change in pre- and post-physical and chemical changes 
knowledge scores of students learning with the 5E learning cycle and students 
learning with the lecture teaching strategy. 
2. Compare the change in pre- and post-phase changes knowledge scores of 
students learning with the 5E learning cycle and students learning with the 
lecture teaching strategy. 
3. Compare the change in pre- and post-elements, compounds, and mixtures 
knowledge scores of students learning with the 5E learning cycle and students 
learning with the lecture-teaching strategy. 
4. Determine if there is a difference in students’ attitudes about science when 
using the 5E learning cycle compared to the lecture teaching strategy. 
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5. Compare the change in whether the students captured the main idea as it was 
presented during the lesson with the 5E learning cycle and students learning 
with the lecture teaching strategy. 
6. Compare the change in the relationship of the students’ question(s) to the 
lesson with the 5E learning cycle and students learning with the lecture 
teaching strategy. 
7.  Compare the change in whether the students could make the class material 
relevant to their lives about the main idea with the 5E learning cycle and 
students learning with the lecture teaching strategy. 
Participants in the Study 
 The school in which this research was conducted is a K-8 STEM (science, 
technology, engineering, and mathematics) school located in a large metropolitan area in 
the western part of the U.S.  The school is a school of choice; however, 50% of the 
student population is from the surrounding community.  The school has approximately 
390 elementary students, and approximately 450 are middle-school students.  Fifty-four 
percent of the school’s population is male, and 46% of the school’s population is female. 
The eighth-grade class consisted of approximately 152 students.  Approximately 83% of 
students attending the school receive free and reduced lunch.  Forty-eight percent of the 
elementary students and 64% of the middle-school students are identified as ELL 
students.  Within the eighth-grade classes, more than half of the students are classified as 
ELL.  The school’s population is 70% Latino, 24% white, and 6% listed as other races.  
The school uses the problem-based learning concept throughout all grades.  With 
this model, students are presented with a real-life problem to solve that is actively being 
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researched by industry or some other entity.  All middle-school students are required to 
take science and engineering as a core academic class.  The middle-school science classes 
operate on an alternating A B block schedule.  Classes are 90 minutes in length.  Due to 
this model, students are well-versed on presentation and research skills and the use of 
many teaching practices such as Kagan strategies. 
Instrumentation 
ESTEEM Instrument 
The ESTEEM instrument was developed by Judith A. Burry-Stock and Rebecca 
Oxford for the Center for Research on Educational Accountability and Teacher 
Evaluation (CREATE) in 1995 (Burry-Stock, 1995).  The instrument consists of several 
components meant to measure behaviors and student outcomes of a constructivist teacher 
(see Appendix A).  The Student Outcome Assessment Instrument (SOAI) was the only 
component used for this study.  Construct validity for this instrument was found to be 
significant at .01, and the reliability is reported to be .91 (Burry-Stock & Oxford, 1994).  
The assessment consisted of the following questions: 
1. What do you think your teacher wanted you to learn today? What was the 
main idea? 
2. List some questions that today’s lesson made you want to ask? 
3. How is this topic important to you? 
Each question was scored using the Student Outcome Assessment Rubric. 
Questions were scored one at a time in sequence.  All questions 1 were scored before 
moving forward to questions 2 and 3.  According to Burry-Stock and Oxford (1994), 
evaluating each question separately decreases error during the grading process.  Question 
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1 primarily focused on whether students can remember what the main idea was for a 
science lesson or activity.  Question 2 was coded to determine if a student can inquire 
about the lesson taught and ask questions, such as “what happens if” or “what if.”  The 
question(s) goes beyond what was taught during class.  Question 3 was to determine if a 
student can relate the science lesson or activity to real-world experiences.  The answers to 
the questions were scored using a rubric rating from 1 to 5.  The rubric has descriptions 
written for ratings of 5, 3, and 1.  However, a score of 2 and 4 may be given if an answer 
falls between those ratings.  Two evaluators were trained on using the Student Outcome 
Assessment Rubric to determine interrater reliability.  Training consisted of meeting with 
the evaluators and reviewing a sample student document included in the ESTEEM 
manual and a paper from a student once the study began.  During training, evaluators 
reviewed the rubric and discussed as a group what the expectations were for each score 
on the rubric.  Once a consensus of understanding the rubric was met, the evaluators 
scored the written responses provided by the researcher.  Each evaluator scored the 
written responses separately.  Once complete scores were compared, discussions took 
place to reach a consensus of whether or not a discrepancy occurred.  
Novodvorsky’s Science Attitudes Survey 
Novodvorsky’s Science Attitudes Survey (see Appendix B) uses a 5-point Likert 
scale.  The survey consists of statements in which students answered Strongly agree, 
Agree, Neither agree nor Disagree, Disagree, or Strongly disagree.  The purpose of the 
survey was constructed to collect information about student attitudes toward science.  
The survey has a construct validity of 0.82 and a reliability coefficient of 0.93 
(Novodvorsky, 1993).  The instrument consists of Form A and Form B.  The questions on 
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each survey are equivalent to each other or parallel forms.  This is important for the test-
retest format.  According to Novodvorsky (1993), this decreases “problems arising from 
respondents remembering items from one administration to the next” (Novodvorsky, 
1993, p. 51).  The two forms (Form A and Form B) group questions into three categories 
or factors based on Novodvorsky (1993).  They are as follows: 
1. Interest in science classes and activities in science class, 
2. Confidence in ability to do science, and  
3. Interest in science-related activities outside of school. (Novodvorsky, 1993, p. 
51) 
Some examples from the survey are as follows: 
Factor 1-  Form A: I do not want to take any more science classes than I have 
to take. 
 Form B: I do not want to study any more science. 
Factor 2- Form A: I enjoy the challenge of science classes. 
 Form B: Learning things in biology is easy for me. 
Factor 3-  Form A: I do not enjoy taking things apart to see how they work. 
 Form B: I often ask my family how mechanical things work. 
Mini-Units Pretest/Posttest 
The third instrument used in the study was a pretest and posttest for three different 
mini-units (see Appendix C).  The first mini-unit taught was on physical and chemical 
changes, the second was on phase changes in matter (e.g., solids, liquids, and gases), and 
the final mini-unit taught was on elements, compounds, and mixtures.  The test questions 
were retrieved from various textbooks and websites.  The three tests were given to a team 
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of science teachers to review for quality of questions and content being tested.  Revisions 
were made to questions as needed based on feedback.  For example, one test question 
choices were edited because it did not reflect proper lab safety.  
Research Design 
The study was a quasi-experimental design with a control group and an 
experimental group.  The control group was the lecture teaching group, and the 
experimental group was the 5E learning cycle group.  The independent variables were the 
5E learning cycle group and the lecture teaching strategy group.  The dependent variables 
measured were student content knowledge, science attitude, capturing the main idea, 
student inquiry, and student relevance.  The last three dependent variables were from the 
ESTEEM instrument.  The study was quantitative by design.  Both groups were given the 
ESTEEM student outcome assessment daily.  Both groups were given Form A of the 
Student Attitude Survey prior to the study beginning and Form B of the Student Attitude 
Survey upon completion of the study.  Each group was given a pretest and posttest for 
each mini-unit taught.  Both tests were the same for each group, and the pretest and 
posttest were identical each time.  
For this study, 61 eighth-grade students received parent permission and signed a 
minor consent form.  Due to the high number of non-English speaking parents, all 
communication to parents about the study was provided in English and Spanish.  All 
consent forms were kept in a secure location.  All records were kept private for the study. 
The oral presentation of the study was read orally to all students, and a copy was sent 
home for parents to read and sign at the beginning of the study.  Students were required 
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to complete all assignments during the teaching unit as part of their regular schoolwork. 
Students could withdraw from the study at any time without penalty.  
A drawing was held to assign A and B day classes to either the 5E learning cycle 
group or the traditional lecture group.  Intact classes were used for the study.  The 
researcher did not know which students were participants of the study until completion. 
To ensure anonymity, the consent forms were returned to another teacher for safekeeping. 
The length of the teaching unit was approximately one month.  Most class periods were 
90 minutes in length.  Students did not know if they were in the experimental group or 
the control group. 
Procedure 
Although the lesson plans were written for a 5-day unit; the days varied due to 
interruptions of the school day, classes being 90 minutes in length, and students varying 
in the time to complete assignments.  For the experimental group, the following 5E lesson 
plan was followed: 
Mini-Unit 1–Physical and Chemical Changes 
On Day 1, the engage, explore, and the explain portions of the 5E learning cycle 
were completed.  For the engagement portion, students were asked to complete a circle 
map.  This map was completed as a think-pair-share activity in which students completed 
the circle map as an individual, shared with their table partner, and then shared out loud 
with the class.  For the explore portion, students completed an observation activity using 
boxes.  Each box contained the following items: a tennis ball, a golf ball, cotton material, 
spandex material, two air fresheners with different smells (the push-up type), two 
different colored paper clips (red and blue), two different sheets of graph paper with 
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different square sizes, and two different shaped erasers (one was the type that fits on top 
of a standard pencil and the other was a block-shaped eraser).  Students were assigned to 
groups of three or four students.  Each group selected a person to be the group observer. 
The observer was on the opposite side of the room to view the box content.  The student 
had 2 minutes to observe the box content and that student reported to his or her group 
what was in the box.  A member from the group was asked to name one item in the box. 
The teacher held up the actual item or a different similar item.  This activity continued for 
about 20 minutes.  The purpose of this activity was to introduce the students to properties 
of different objects and to demonstrate the importance of noticing properties.  Students 
shared out loud the properties they discovered, such as texture, color, relative size, and 
odor.  For the explain portion of the lesson, students used a note catcher to copy notes for 
the content to be covered from the teacher presentation.  
On Day 2 the explain portion was completed.  The students continued to copy 
notes from the first day.  Afterwards, the students worked in pairs to complete Frayer 
models for the following terms: physical change, physical property, chemical change, and 
chemical property.  Students presented their Frayer models to the class.  Afterwards, the 
students began the elaborate portion of the 5E learning cycle which included an activity 
titled Crime Scene Lab.  During this lab activity, students identified white powders based 
on physical and chemical properties and physical and chemical changes.  This activity 
continued until Day 3.  Students completed their lab conclusions for homework.  On Day 
4 students completed their posttest and presented their findings to the class.  
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Mini-Unit 2–Phase Changes   
Mini Unit 1 (see Appendix H) begins with an engagement lesson.  On Day 1 
students completed the engage and explore portions of the 5E cycle.  For the engagement 
portion, students worked in groups to sort various objects, which were in different states 
of matter.  The items included an eraser, a balloon filled with air, a wooden block, a 
beaker of water with food coloring, and orange juice.  Once complete, each group 
presented to the class their rationale for organizing the groups.  The terms solid, liquid, 
and gas were introduced.  Afterward for the explore portion, students made silly putty to 
answer the question: Is it a solid or liquid? For Day 2, students completed notes using a 
note catcher and the teacher presentation.  For Day 3, the students completed a lab 
activity titled Boiling Water Lab in groups and completed lab post questions and wrote a 
lab conclusion.  On Day 4, students completed a missing poster activity and the posttest 
for the evaluation section. 
Mini-Unit 3–Elements, Compounds, and Mixtures 
On Day 1, students watched a video from NBC News about male fish turning into 
female fish (see Appendix I).  This activity was their engagement phase of the 5E 
learning cycle.  Afterward, students completed an explore activity to investigate the 
properties of mixtures.  The students had three items: sugar water with food coloring, oil 
and water, and milk.  Also, for the explore portion, students read an article out loud as a 
class.  Upon completion, students worked in pairs to complete the graphic organizer for 
the article.  The article was a follow-up about male fish becoming female fish in a 
Colorado water system. 
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 On Day 2, on the third teaching unit students completed the explain portion of the 
5E learning cycle to include completing notes using a note catcher and teacher 
presentation.  Afterward students worked in pairs and completed a cut-and-paste activity.  
The activity involved the students cutting out the words introduced in the notes and 
gluing them next to the correct definition on a separate handout.  
 Day 3 began the elaborate portion of the 5E model.  Students worked in groups  
and analyzed a water sample to simulate a sample of water they read about in the article 
from the explore section and the NBC News video from the engagement portion.  The 
sample was teacher-made to include small pieces of paper clips, potting soil, water from 
the class, and a thin layer of cooking oil.  The students identified their variables, wrote an 
hypothesis, created a material list, identified safety procedures, and a step-by-step 
procedure detailing how to separate the mixture of simulated polluted water.  Afterward, 
students planned, designed, and built a separating apparatus.  This activity continued until 
Day 6.  On Day 6, students completed their posttest on elements, compounds, and 
mixtures.  Students shared their findings with the class and wrote a lab conclusion.  
 For the control group, a traditional lecture-style lesson plan was followed (see 
Appendix J).  For the properties of matter, mini-unit students completed the following in 
order: 
1. Students copied notes from the same presentation as the experimental group 
using an identical note catcher. 
2. Students completed a worksheet describing matter. 
3. Students completed a mystery powder lab crime scene. 
4. Students completed their posttest. 
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For the phases of matter, mini-unit students completed the following: 
1. Students copied notes from the teacher presentation using the same 
presentation and note catcher as the experimental group. 
2. Students watched a Bill Nye video on phases of matter and completed 
questions. 
3. Students completed the boiling water lab in groups. 
4. Students completed a review handout. 
5. Students completed the posttest for phases of matter. 
For the elements, compounds, and mixtures, mini-unit students completed the 
following: 
1. Students copied notes from the teacher presentation using the same note 
catcher as the experimental group.  The presentation was also the same. 
2. Students completed a practice worksheet. 
3. Students worked in lab groups to separate a mixture given by the teacher. 
Each group received a mixture of potting soil, salt crystals, and small paper 
clip pieces in a cup.  Students wrote a procedure to separate the mixture 
before doing so. 
4. Students completed lab conclusions 
5. Students completed posttests for the final teaching mini-unit. 
Data Analysis 
The quantitative study was analyzed using descriptive statistics.  The tests were 
used to analyze students’ grades on the pretest and posttest for each mini-unit  Data were 
also analyzed using a repeated measures mixed-effects Analysis of Variance (ANOVA). 
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This type of ANOVA was used because the study (a) examined the differences across 
time within the experimental and control group, (b) compared the two groups, and (c) 
examined if the interaction between the groups.  The Student Science Attitudes Survey 
was analyzed using the same method.  The ESTEEM instrument was analyzed comparing 
growth over time. 
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CHAPTER IV – RESULTS 
This chapter will explore the results of this study.  The purpose of the study was 
to determine if middle-school students’ chemistry knowledge and interest can be 
increased by using the 5E learning cycle.  The results are organized into sections based 
on the research questions described in Chapter III.  The first section will review the 
participants of the study.  The second section will present the results from the research 
questions—addressing the content knowledge from the teaching units.  The third section 
will present the results from the Student Science Attitudes Survey.  The final section will 
present the results from the ESTEEM instrument. 
Participants 
Data were collected from all eighth-grade science students.  At the time of the 
study, there were 150 eighth-grade students.  All students in the study were students at a 
K-8 STEM school located in a large metropolitan area in the western part of the U.S.  
After implantation of the study, the overall sample size was determined to be 61 students 
based on signed parent permission forms and minor consent forms.  The study was 
divided into two groups: the control group and the experimental group.  The control 
group was the lecture teaching strategy group, and the experimental group was the 5E 
learning cycle group.  
After a drawing to determine which group would receive the treatment; the groups 
were coded as A or B based on the alternating class schedule determined by the school 
master schedule.  A classes were coded as the experimental group, and B classes were 
coded as the control group.  The control group consisted of 32 students (15 girls and 17 
boys).  The experimental group sample size was 29 students (14 girls and 15 boys).  The 
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sample size for data collected varied for each statistical test or research question due to 
student absences or unscheduled school events on the day data were collected.  
Content Knowledge Research Questions 
Research Question 1 
Research Question 1: Compare the change in pre- and post-chemistry knowledge 
scores of students learning with the 5E learning cycle and students learning with the 
lecture teaching strategy.  All analyses were conducted using SPSS Version 2, and 
statistical significance was assumed at an alpha value of .05 (p = .05).  Mixed-effects 
repeated measures ANOVAs were used to test for significant interactions between 
independent groups and change in outcome across time.  A repeated measures ANOVA is 
used when taking measurements over time with the same subjects.  To compare the two 
groups the chemistry content was taught in three sections called mini-units.  The units 
were taught in the following order: Mini-Unit 1: Chemical and physical changes; Mini-
Unit 2: Phases of Matter; and Mini-Unit 3: Elements, Compounds, and Mixtures. 
Statistical analysis was conducted for each teaching mini-unit.  Participants were coded 
into either group 0 (control group, lecture) or group 1 (experimental group) 5E learning 
cycle.  The questions were titled preq1, preq2, etc. for the pretest and postq1, postq2, etc. 
for the posttest.  Each student’s percentage grade was entered for each pretest and 
posttest.  There were 61 students who consented to participate in the study.  Due to 
student absences, all students did not complete all portions of the study.  The following 
table shows the number of participants for each unit and the student attitude survey. 
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Table 1  
Number of Participants for each Unit and the Student Attitude Survey 
 
Participants A  Participants B 
______________________________ 
 
Unit     n   n  Total n value 
 
 
   1     21   13   34 
 
   2     28   22   50 
 
   3     29   23   52 
 
   Survey    28   19   47 
 
 
 
For Mini-Unit 1, physical and chemical changes, data suggested that there was a 
statistical significant difference across time within the groups, F(1, 32) = 22.5, p < 0.001.  
When comparing the two groups, the data suggested no statistical significant difference 
between the subjects, F(1, 32) = 2.1, p = .16.  Finally, the data suggested nonsignificant 
interaction between the groups on how they change, F(1, 32) = 0.04, p = 0.84.  
Examination of means suggested that there was a difference between the groups at 
the onset of the unit based on pretests of the control group (M = 47.69) and experimental 
group (M = 58.24).  Overall, the control group showed a gain in content knowledge for 
physical and chemical.  Changes from time one to time two and the experimental group 
also demonstrated a gain from time one to time two.  Hence, both groups demonstrated 
growth.  The results are listed in Figure 1 below. 
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Figure 1. Comparison of the control group pretest and posttest mean scores to the 
experimental group’s pretest and posttest mean scores. 
The x axis reflects the pretest (1) and the posttest (2). The y axis reflects the mean scores. 
 
For Mini-Unit 2, phases of matter, the data suggested that there was a statistical 
significant difference across time within the groups, F(1, 48) = 105.92, p = 0.001.  When 
comparing the two groups, the data suggested no statistical significant difference between 
the subjects, F(1, 48) = 0.29, p = 0.60.  Finally, the data suggested nonsignificant 
interaction between the groups on how they change, F(1, 48) = 0.17, p = 0.68.  
When examining the mean scores for both groups, the treatment group (5E 
learning cycle) and the control group (lecture teaching) did not show a statistical 
significant difference.  Both groups’ (experimental, M = 43.46; control M =4 5.14) mean 
pretest scores suggested that both groups were similar at the beginning of the experiment. 
However, both groups demonstrated growth over time. The results are listed in Figure 2 
below. 
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Figure 2. Comparison of the control group pretest and posttest mean scores to the 
experimental groups pretest and posttest mean scores.  
The x axis reflects the pretest (1) and the posttest (2). The y axis reflects the mean scores. 
 
For Mini Unit 3, elements, compounds, and mixtures, the data suggested that 
there was a statistical significant difference across time within the groups, F(1, 50) = 
149.04, p < 0.001.  When comparing the two groups, the data suggested no statistical 
significant difference between the subjects, F(1, 50) = 0.08, p < 0.78.  Finally, the data 
suggested nonsignificant interaction between the groups on how they change, F(1, 50) = 
0.01, p < 0.92. 
When examining the mean pretest scores for both groups (experimental, M = 
33.10; control, M = 34.35), the data suggested that there was not a difference between the 
two groups from the onset.  Upon completion of the study, the data again demonstrated 
that there was no difference between the two groups based on mean posttest scores 
(experimental, M = 55.00; control, M = 55.87.  See Figure 3 below. 
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Figure 3. Comparison of the control group pretest and posttest mean scores to the 
experimental groups pretest and post-test mean scores. 
The x axis reflects the pretest (1) and the posttest (2). The y axis reflects the mean scores. 
 
Skewness and kurtosis statistics were used to assess normality of continuous 
outcomes.  Box’s Test of Equality of Covariance Matrices and Mauchly’s Test were used 
to assess equal covariance and sphericity assumptions.  Greenhouse-Geisser corrections 
were used when sphericity was violated.  Marginal means with 95% confidence intervals 
were interpreted. 
Attitude Survey Research Question 
Research Question 4 
Research question 4.  To determine if there is a difference in student attitudes 
about science when using the 5E learning cycle compared to the lecture teaching 
strategy.  A mixed-effects repeated measures ANOVA was used to answer the research 
question for the student attitude survey.  When comparing the scores for all students 
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taking the survey, data suggested that there was a significant difference across time 
within-subjects for all participants, F(1, 47) = 5.72, p = 0.02.  When comparing the two 
groups, there was a nonsignificant difference between the groups, F(1, 47) = 1.89, p = 
0.18.  Finally, data suggested that there was a significant interaction between the groups 
in terms of how they changed across time, F(1, 47) = 6.19, p = 0.016.  When examining 
the means, there was a slight decrease in the mean for the control group (pretest, M = 
3.04; posttest, M = 2.59).  The experimental group experienced a slight gain in mean 
(pretest, M = 2.95; posttest, M = 2.96) (see Appendix K).  Figure 4 below shows that the 
groups were almost equal at pre-survey administration. 
 
Figure 4.  Comparison of mean pre- and post-survey scores. 
The questions from the science attitudes survey were also grouped into three 
factors:  
 Factor 1: Interest in science classes and activities in science class. 
 Factor 2: Confidence in ability to do science. 
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Factor 3: Interest in science-related activities outside of school (see Table 2).  
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Table 2  
Survey Form for Factor A and Factor B  Questions 
 
Form       Factor Questions                  Score 
 
 
    A           1 Q2, Q6, Q9, Q11, Q21, Q26, Q37, Q30     8 
          2  Q3, A7, A12, A17, A20, A22, A28      7 
          3  Q8, Q10, Q13, Q14, Q16, Q23, Q24, Q25, Q29    9 
    B          1  Q1, Q6, Q9, Q13, Q21, Q22, Q25, Q27, Q30    9 
          2  Q5, Q11, Q12, Q14, Q15, Q17, Q18, Q23, Q26  10 
         3  Q2, Q3, Q4, Q7, Q10, Q19, Q20, Q28     9 
 
Factor 1 of the attitude survey data suggested that there is a statistical significant 
difference within each group, F(1, 39) = 25.48, p < 0.001.  When comparing the two 
groups, data suggested that there is not a significant difference between the experimental 
group and control group, F(1, 39) = 0.89, p = 0.35.  Finally, data suggested a significant 
interaction with how the groups changed over time, F(1, 39) = 4.78, p = 0.04.  
 When examining the mean pre-survey scores for both groups (experimental, M = 
3.01; control, M = 3.09), data suggested that there was not a difference between the two 
groups from the onset.  Upon completion of the study, the data showed a slight decline in 
mean post-survey scores for student attitudes (experimental, M = 2.83; control, M = 
2.64).  See Figure 5 below and Appendix K for SPSS output. 
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Figure 5. Comparison of mean pre- and post-survey scores for Factor 1. 
Factor 2 of the attitude survey data suggested that there is no significant 
difference within the subjects, F(1, 42) = 2.49, p = 0.12.  When comparing the two 
groups, data suggested a nonsignificant difference between the two groups, F(1, 42) = 
0.21, p = 0.65.  Finally, data suggested a nonsignificant interaction between the means in 
how the groups changed over time, F(1, 42) = 0.01, p = 0.94. 
When comparing the mean scores for both groups (control pretest, M = 2.91; 
experimental pretest, M = 2.95; and control posttest, M = 3.03; experimental posttest M = 
3.08), data demonstrated that both groups were similar at the beginning and end of the 
experiment.  The mean scores suggested that the two groups did not change over time. 
See Figure 6 below and Appendix K for SPSS output. 
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Figure 6. Comparison of mean pre- and post-survey scores for Factor 2. 
Factor 3 of the attitude survey data suggested that there is not a statistical 
significant difference within each group, F(1, 42) = 0.10, p = 0.76.  When comparing the 
two groups, data suggested no statistical significant difference between the subjects, F(1, 
42) = 0.01, p = 0.93.  Finally, data suggested nonsignificant interaction between the 
groups on how they change across time, F(1, 42) = 1.0, p = 0.32.  
  When comparing the mean scores for both groups (control pretest, M = 2.92, 
experimental pretest, M = 2.984; and control posttest, M = 2.83, experimental posttest, M 
= 2.89), data demonstrated that both groups were similar at the beginning and end of the 
experiment.  Although there was a slight decrease from time one to time two for the 
control group; the mean scores suggested that the two groups did not change over time. 
See Figure 7 below and Appendix K for SPSS output. 
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Figure 7. Comparison of mean pre- and post-survey scores for Factor 3. 
Research Question 5 
Research Question 5: To compare the change in whether the students captured 
the main idea as it was presented during the lesson with the 5E learning cycle and 
students learning with the lecture teaching strategy.  Results showed that students 
demonstrated an increase in their ability to capture the main idea as it was presented 
during the lesson using the 5E learning cycle compared to students learning with the 
lecture teaching strategy. See Appendix L for figures. 
The question from the ESTEEM instrument for this research question is “What do 
you think your teacher wanted you to learn today (what was the main idea)?” The 
objective for the day was to identify types of mixtures and explain how to separate a 
mixture. An example of a student score of two was “To understand the problem and the 
aspects of it.” A student score of three was “How to separate parts of a mixture.” 
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Research Question 6 
Research Question 6: To compare the change in the relationship of the student’s 
question(s) to the lesson with the 5E learning cycle and students learning with the lecture 
teaching strategy.  The results showed that students demonstrated an increase to compare 
the change in the relationship of the students’ question(s) to the lesson with the 5E 
learning cycle compared to students learning with the lecture teaching strategy.  See 
Appendix L for data. 
The question from the ESTEEM instrument for this research question is “List 
some questions that today’s lesson made you want to ask?” An example of a score of one 
written by a student was “N/A.” An example of a score of two for this question was 
“Why does this have to be so complicated.” These examples were written by students for 
mini unit three. The learning objectives for the day was to identify types of mixtures and 
explain how to separate a mixture. An example for a score of five for the same question 
but for mini unit one was “What’s the difference between physical and chemical 
reaction? Can one thing have both reactions? What’s the deadlist reaction?” The 
objective for the day was to distinguish between physical and chemical changes. 
Research Question 7 
Research Question 7: To compare the change in whether the students could make 
the class material relevant to his/her life about the main idea with the 5E learning cycle 
and students learning with the lecture teaching strategy.  The results showed no 
difference between 5E learning cycle and lecture teaching strategy for students to be able 
to make the class material relevant to his or her life about the main idea. See Appendix L 
for data. 
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The question from the ESTEEM instrument for this research question is “How is 
this topic important to you? An example of a score of two written by a student was “I can 
use it in the future to understand topics” This response was from mini unit three- 
elements, compounds, and mixtures. Another student response was “This is important 
because if this is affecting our fish, we don’t know how it’s going to affect humans and 
our food supply.” This response was given a score of four. The objective for the day was 
to identify types of mixtures and explain how to separate a mixture. 
Summary 
The purpose of this research was to determine if middle-school students’ 
chemistry knowledge and interest can be increased by using the 5E learning cycle. 
Overall, data did not show a statistical significance with students in the 5E learning cycle 
group compared to the lecture teaching strategy group.  The results suggested that 
students’ attitudes toward science in the 5E learning cycle group did not make an overall 
difference in the students.  In addition, when using the ESTEEM instrument to compare 
change in students’ statement of the main idea, ability to ask inquiry questions, and make 
the content relevant to their lives; there was a noticeable pattern of growth over time in 
the main idea and ability to ask inquiry questions.  However, students were not able to 
make any noticeable growth over time when making the content relevant to their daily 
lives.  Therefore, it can be concluded that the students in the study showed overall gain in 
learning and interest in science but no statistical significant differences were supported by 
the data. 
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CHAPTER V – DISCUSSION 
It seems for decades dating back to the 1800s the teaching of science changes 
back and forth from being thought of as a verb and then as a noun.  Per Bybee (2010), 
science educators and our country have been trying to achieve scientific literacy for many 
decades with our students.  We continue to struggle as a nation with what our students 
should be able to know and do in science (Bybee, 2010).  Organizations, such as the 
Biological Sciences Curriculum Study, have supported the research of the constructivist 
learning theory beginning with the 5E learning cycle in the 1980s.  The overall purpose 
of this study was to determine if middle-school students’ chemistry knowledge and 
interest can be increased by using the 5E learning cycle.  The research explored the 
following research questions: 
1. Compare the change in pre- and post-physical and chemical changes 
knowledge scores of students learning with the 5E learning cycle and students 
learning with the lecture teaching strategy. 
2. Compare the change in pre- and post-phase changes knowledge scores of 
students learning with the 5E learning cycle and students learning with the 
lecture teaching strategy. 
3. Compare the change in pre- and post elements, compounds, and mixtures 
knowledge scores of students learning with the 5E learning cycle and students 
learning with the lecture teaching strategy. 
4. Determine if there is a difference in students’ attitudes about science when 
using the 5E learning cycle compared to the lecture teaching strategy. 
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5. Compare the change in whether the students captured the main idea as it was 
presented during the lesson with the 5E learning cycle and students learning 
with the lecture teaching strategy. 
6. Compare the change in the relationship of the student’s question(s) to the 
lesson with the 5E learning cycle and students learning with the lecture 
teaching strategy. 
7.  Compare the change in whether the students could make the class material 
relevant to his or her life about the main idea with the 5E learning cycle and 
students learning with the lecture teaching strategy. 
To address these research questions, students were taught three mini-units in 
chemistry.  The topics were mini-unit one, physical and chemical changes; mini-unit two, 
phases of matter; and mini-unit three, elements, compounds, and mixtures.  Students were 
given a pretest and posttest for each of these mini-units to compare gain in content 
knowledge.  Students were surveyed at the beginning and end of the study to measure 
students’ attitudes about science.  The third instrument used in the study was the 
ESTEEM.  Its main purpose was to compare the change in students’ ability to write the 
main idea of a daily lesson, students’ ability to ask inquiry-style questions, and students’ 
ability to make the content being taught relevant to their respective lives.  
 The students participating in the study were eighth-graders from a large 
metropolitan area in the western United States.  There were 61 participants in the study. 
Over half of the student participants were Latino.  
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Based on the data collected, there was no statistically significant difference 
between the two teaching methods.  However, each research question yielded varied 
results that either supported or negated the 5E learning cycle method.  These factors 
demonstrated that 5E learning within this study showed benefits that enhanced learning 
but also deficits that could hinder student growth. 
Research Questions 
 Possible explanation for the findings could include students’ affinity for chemistry 
topics.  The majority of the students’ favorite science topic was chemistry.   
Consequently, the students still struggled learning the concepts.  However, the students 
were interested in the lab activities.  The crime scene lab seemed to be their favorite 
activity because students wanted to see chemical reactions or something exploding.  It is 
likely that their high interest for the topic had an impact on students learning.  Evidence 
of this was also noticed during the elements, compounds, and mixtures unit.  Students 
were highly engaged in trying to separate their mixtures even when they were not 
successful. 
 Another factor that could have influenced the outcome was the class scheduling. 
The school has an alternating A B day block schedule.  There were some weeks the 
students were seen twice or three times for consecutive days.  Although over time 
students’ time in class was basically the same, there could have been some gaps in 
learning and understanding due to the design of the schedule.  For example, the 
experimental group could have attended science class on a Monday and not attended 
science class again until Thursday and then the following Monday.  An example of 
interrupted learning would have been if a lab began on a Monday and the students did not 
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complete the lab activity, then conclusion of the lab would have been on that Thursday. 
However, there were some proactive interventions to keep the meeting times more 
consistent.  This type of schedule may not be the best for students who struggle in science 
and language acquisition.  
 Although the schedule could have had some impact on student learning; there was 
a significant difference within groups across time in student attitudes toward science in 
the overall survey and Factor 1 which pertains to students’ interest in science classes and 
the activities.  Unfortunately, the significance came from a slight decline in mean scores 
which could be attributed to the schedule or other factors. 
 Another factor that could have influenced the research was the time of year the 
research was conducted.  The spring semester is when standardized testing is conducted. 
Students complained about taking too many tests throughout the duration of the study.  
During the course of this research, ELL students were pulled from class to take the World 
Class Instructional Design and Assessment (WIDA) Assessing Comprehension and 
Communication in English State (ACCESS) testing.  The WIDA ACCESS test is a 
mandated state test to determine language proficiency in ELL students.  Per NCLB, all 
schools and districts are held accountable for testing all student populations.  Although 
NCLB has been updated, the requirement remains in place. 
At the onset of the study, students had completed their MAPS (Measure of 
Academic Progress) testing, which is required by the district to be given three times a 
year.  Consequently, this study is reflective on this school because state standardized 
testing shows the same trend.  Students tend to demonstrate growth in content throughout 
the year but by yearend, they are still not proficient or where they should be academically 
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for their grade level.  This could be based on Hamayan and Freeman’s (2012) thinking 
that ELL students grow, but they are chasing a moving target because the system is 
moving forward at the same time. 
 For this study, students were taught three mini-units on chemistry topics.  After 
each mini-unit, the students were given the posttest.  Prior to the mini-unit being taught 
all students took the pretest.  This could have compounded the problem with students 
feeling test fatigue.  Testing is also a reason many teachers do not conduct their class 
with a constructivist model like the 5E learning cycle.  This supports the claim made by 
Wong and Day’s (2009) study about high-stakes testing deterring some teachers and 
administrators from the constructivist approach to teaching.  Hence, teachers do not use 
the model based on numerous testing requirements.  The 5E learning cycle—like most 
constructivist learning models—can be time-consuming to implement, and many 
classrooms across the nation are in test preparation mode for most of the year.  Therefore, 
the constructivist model of learning is foreign to students and sometimes students do not 
like the drastic change from a teacher-centered learning environment to a student-
centered learning environment. 
 This leads to another important factor possibly affecting the outcome—the 
constructivist theory itself.  The constructivist model is not something most students are 
familiar with in many science classes.  The population for this study was not only heavily 
tested, but they were also from a low-socioeconomic background and mostly ELL 
students.  For these reasons, there was some opposition to the use of the constructivist 
way of learning.  Students in the study seemed resistant to exploring the answers to 
questions they did not know or understand.  For many students, this caused them to 
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disengage from the learning process.  Students wanted more assistance from the teacher. 
According to Vygotsky’s ZPD, once you place a kid above this zone, learning does not 
take place for most people.  Some evidence of this occurring was visible during this 
study.  For example, when students were attempting to separate their mixtures of 
contaminated river water, scaffolds would have been a great addition to help students 
identify the necessary steps to help them separate the mixture.  As a result, not one group 
was successful with separating the contaminate (fish hormones) from the water.  Based 
on Krashen’s theory of language acquisition, ELL students need comprehensible input or 
scaffolds to learn content due to the lack of language development.    
These frustrations could also play a role in students lacking confidence in their 
ability to do science.  This was supported based on the evidence for the student attitude 
survey Factor 2 data.  There was not a statistical significant difference within groups, 
between the groups, or between the groups in terms of how they changed over time.  This 
supports the work of Mayer (2004) who opposed the idea of constructivist learning being 
more effective because students want and need guidance to learn.  This also supports the 
ELL concept of guiding students through the learning process with many scaffolds to 
make sure the intended content was learned.  
In addition, constructivist teaching is limited in chemistry because some topics are 
more difficult to learn.  An example would be atomic structure.  Students simply do not 
have the background knowledge to ascertain abstract topics.  Lack of background 
knowledge is another reason Chall (2000) believed that students from low-socioeconomic 
backgrounds do not benefit from constructivist learning like the 5E learning cycle.  A 
possible reason for this could be the lack of background knowledge.  Children from poor 
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backgrounds are usually deficient in background knowledge because they lack many 
worldly experiences that students who are not in this category are able to explore.  Thus, 
these students bring less experiences and information to relate to new concepts.  This 
rationale could have been a factor with this study since 83% of the study population was 
classified as free- and reduced-lunch recipients.  This is not giving students an excuse for 
not learning but should be informative for educators on how best to serve this population 
of students.  Training teachers how to best serve this population is vital to the success of 
the students. 
Consequently, training was not conducted for this study.  That could be a possible 
explanation for the outcome of this study.  This supports Patrick’s (2013) research 
findings in which no significant difference was found between his groups.  Patrick (2013) 
also stressed the need for training the teachers as well as the students on how to use the 
5E learning cycle teaching strategy and other constructivist learning models.  The 
students in this study did not receive any information on the 5E learning cycle nor did 
they know the group in which they were participating.  The lack of Krashen’s (1981) 
Affective Filter hypothesis could have influenced the outcome of this study.  If students 
do not feel comfortable in their learning environment, they may lack the motivation to 
learn the concepts being taught.  It does appear that the students who participated in this 
study had no previous experience with the 5E learning cycle or any other classroom that 
is taught primarily through the constructivist setting.  Therefore, training students about 
the expectations of a student-centered learning environment could have been helpful and 
would lower students’ affective filter.  It is essential for ELL students not to feel stressed 
about learning to learn.  Cam and Geban’s (2011) research study concluded that lack of 
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teacher training could be the reason more teachers are not incorporating the 5E learning 
cycle and other constructivist teaching strategies into their classrooms.  
The teacher in the current study did not receive any formal training on the 5E 
learning cycle nor the ESTEEM instrument. The ESTEEM instrument, which is 
addressed in research questions 5 through 7, was designed to measure the effectiveness of 
a teacher using the constructivist model.  This study only used the student outcome 
assessment rubric and did not link those scores back to the effectiveness of the teachers’ 
ability to teach using the constructivist framework. 
Research questions 5 through 7 pertained to students’ ability to understand the 
main idea of a lesson, asking inquiry-style questions about the lesson, being able to make 
the content relevant to their respective daily lives.  The data showed growth over time for 
the main idea and asking inquiry-style questions.  Students did not show any growth in 
their ability to demonstrate relevance to their individual lives.  The experimental group 
demonstrated more growth than the control group.  As time passed during the study, 
students scored higher on the student outcome assessment rubric.  In the beginning of the 
study none of the students scored a 5, but by the end of the study, students could obtain a 
score of 5 on the rubric which meant students had the ability to expand on their thoughts 
about the main idea of the lesson.  Students could ask questions about the big picture of 
the lesson without the answers being provided during the lesson.  Finally, toward the end, 
a small percentage could make the connection between the lesson and society.  One 
interesting point to note from the data pertaining to the experimental group is that student 
interest was at its highest on day one and tended to decrease after day one.  This could be 
due to the structure of the 5E learning cycle.  The first E focused on engaging the 
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students and capturing their attention about the topic of study.  This is also supported by 
Duran et al. (2011) that students benefit more during the earlier stages of the learning 
cycle. 
 In addition to the above findings, other factors could have contributed to the 
outcome of this study but were not measured.  For example, the wording on the 
instruments and the depth of knowledge of the test questions on the content pretest and 
posttest.  ELL students can be at various steps on acquiring English based on their 
ACCESS test scores.  There were many terms or phrases on the tests that students did not 
understand or have the language skills to decipher.  One example would be the word 
component from the mini-unit three test.  Several students had questions about what the 
word meant and could not focus on the content the question was referring to.  Another 
example was the words homogeneous and heterogenous.  Although these two terms have 
cognates that Spanish-speaking ELL students should understand, there were still 
difficulties answering questions using these words.   
 Research question 5 addressed the difference in student attitudes toward science.  
Based on the data collected there was no difference between the two groups.  However, 
when subdivided into the three main factors, two areas revealed a statistically significant 
difference in Factor 1.  Factor 1 questions pertained to the students’ interest in science 
class and activities in the science class, Factor 2 pertained to how confident the students 
felt in their ability to do science, and Factor 3 referred to the students’ interest in science-
related activities outside of school.  Factor 2 of the survey revealed that students’ 
confidence in their ability to do science is low.  The survey data showed students have 
interest in science inside the classroom but not with science activities outside of school—
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but low confidence.  Part of the results could be explained by the wording of the 
questions on the survey.  As students answered the survey, they were conflicted by 
meaning of the statements being asked of them.  Some students were confused with the 
statements which could have had an impact on the study outcome.  One example was that 
students did not know what earth science, physical science, and chemistry were.  It would 
be difficult for a student to respond how much they agree or strongly agree to liking 
something when they are not sure of its meaning.  The current researcher believes this to 
be relevant due to the high ELL population of the participants.  Perhaps, students would 
have responded differently to some questions if the entire survey was read aloud to 
students with explanation along the way.  
Implications for Teaching 
 This study was designed to determine if middle-school students’ chemistry 
knowledge and interest can be increased by using the 5E learning cycle.  The findings 
from this study indicated that there was no statistical difference between the control 
group and the experimental group.  However, based upon the data, there needs to be 
explicit instruction on the relevancy of what is being taught in a science lesson.  When 
teaching a large group of ELL students, the primary focus may not always need to be the 
instructional piece.  Other measures might be needed to help increase the confidence 
levels of students’ ability to do science.  To increase the impact of the 5E learning cycle, 
teachers might need training on what this should look like and sound like in a science 
classroom.  This would include quality professional development training for science 
educators on how to incorporate the 5E learning cycle into their classrooms. 
Administrators would need training as well.  The administrators need to know what 
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qualities to look for in an effective constructivist learning classroom when performing 
teacher evaluations.  All chemistry topics do not easily lean toward the 5E learning cycle 
strategy.  Finally, the most important implication from this study is that students need to 
be trained on the constructivist model so learning is not impeded by the drastic change of 
instruction.  This may eliminate or minimize the confusion students may have between a 
teacher-centered classroom and a student-centered classroom. 
Future Studies 
 The concept of teaching in a constructivist nature is not a new idea.  Research 
should continue with the 5E learning cycle, especially as it pertains to ELL students.  
This study could be expanded in several ways.  The following options are important for 
future studies.  Educators years from now would have tangible data to use and studies 
that reflect the growing population of many classrooms across the nation. 
1. Use a larger sample size.  
2. Segregate data based on gender and ELL level according to ACCESS test 
scores. 
3. Use multiple teachers for the study.  
4. Allow for each group to receive the treatment.  
5. Repeat the study during a time of low mandated testing period.  
6. Conduct additional studies that incorporate training for teachers before 
implementation of the model to allow for some sort of standardization.  
7. Extend the length of the study.    
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8. Replicate this study using the ESTEEM instrument and incorporate the 
teacher component of the instrument to give more context for the student 
portion. 
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